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(54) METHOD AND APPARATUS FOR EVALUATING OPTICAL FIBER AMPLIFIER 

(57)Abstract: 

PURPOSE: To obtain a small-scale optical fiber 
amplifier evaluating apparatus capable of easily 
evaluating by providing a signal light source, an optical 
multiplexer and measuring means for measuring the 
intensity of signal light. 

CONSTITUTION: Signal light sources 1 1 to in are 11 
included in a wavelength range capable of amplifying | — ^ 31 30 
by an optical fiber amplifier 40, at least one 
wavelength is included in the wavelength range of the 
first number of signal lights, and the sources 11 to in 

output second number of signal lights of at least two 

or more smaller than the first number. An optical — p 
multiplexer 30 wavelength- multiplexes the signal 
lights of the second number output from the sources 
1 1 to 1n, and outputs toward the amplifier 40. Thus, 
the signal lights of the second number having the 
wavelength to be desired to be evaluated for the 
characteristics are wavelength-multiplexed and input 
to the amplifier 40 to be evaluated. Measuring means 

50 measures the quantities of the signal lights included in the wavelength range of the signal 
lights of the first number of the signal lines of the second number input to the amplifier 40, 



L 



in 



amplified by the amplifier 40 and output from the amplifier 40. 
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t^ti, *n^n«fi**S!tt*. mess i ©set o t>*i> 
mEft^r-r AiiWSicATjsft. MEft^r-f/tKMi 

flrESS2©ft©®*»3t©l*!. WES 1 ^-TtWift 

«*Jt©£3t*#ttEiB 1 OftO«^Jt©^JtatcK« 
U n C (fc £4*»£-r«»#JH 1 r -f A'Jf *§g§ 

l«l*3B3] WaBaSlO^^-y^tt. ffiE8 2©»c© 

-5 C <h *Bi*^ 1 E*E©tt 7?-f A*tf *1 

[«f3RJR4] flAE£l ©Xf77"H iWEJg2©»© 

m^3t©rto'>&< 1 1> i o©m ^jt<DKs*«s:MBiffi 

'>/«£< tfe l &fiA*fllSBa§ l ©)&©{f ^©igftSSBBtc 

aaEfi#3taR«^6m*snfcfl(iESB2oft©fit^3ts 

ffiE$ 2 ©»©fi^3t©rt. WES 1 ©3&©ff <Hfc©tt 

^■s t a & ^ <t trzit y 7 <i A**i*i8§s¥fls 

SIB. 

MMUJi6] WE«^itaB»tt. ME»l ©»©«** 
Jfc©£Jtt*l::WMff Li»»£>fcS©*»ESS 2 ©^©{f^ftS: 

m?3-r*ctsi*«tr*ai#3H5E«o3t7 7'-f Am 

[«*JS7] «JEIt*3tiR»tt. iffiESS2©»©{g# 
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7t©|*3©'>&< it) 1 0<7)<f^7fc<Bft!&£iS!E|-f *7fcffi 
H»*©*li^.SC:t*»»fr*»*«5E«OJt7 

I»*«8] WE»*lft««tt. flMeS5 2©ft©«# 

ft©t*i©'>&< tfc i •o<7>m-^#cDi£fi£&:3rt£>iftg 

SSM^R***.* CiS!*tttt*M*JS 5 Ett©3t:7 
r-f A«MH8Wfifi«fi. 

[0 0 0 1 ] 

10 [j£MI±©fiJffl$i-»] *3EWtt. Sft<5ttR©ift*©ft 

sn^jt^r-r Aitffls. #KJf raffle T-r/twfttt 

(0 0 0 2] 

[0 0 0 3] igffiSgJ^l 0 Oldfcl^T. nf@©ffi- 

20 3t2l«S 1 0 1 . 10 2,--. lOntCctO 

^-nfnfiin, a 2. — . a nwfi-^fttc^&s 

[0 0 0 4] ft7 7"f A'gjMSgl 1 lWi&'HCte. Ttif 

ips§§i2i, -. 1 2 n^g2@$nr*jo. ;m ■£>©>£ 

ii*ig§12 1. 1 2 ntC«fcD, fcfi^ffi<fc3nfi# 
30 [0 0 0 5] gmx&m 1 3 0 iCfc^Ttt, &S^M{k$ 

nfc«^yfi«. Tt^&ggi 3 lctoftftA 1, a 2, 

«. JtSfflS 1 4 1 , 14 2.-, 1 4 nlCfcO nfSO 
[0 0 0 6] -E-LTifi?, Z\o Llt8ifj.Z>&&.Gy&&<D 

40 IC, Ml. 5 5 Mm^ro^tgifsggtLT. ^±»7C* 
WE r $:^JjDbfc7t7 7"f A* (EDF ; Erbium-Doped F 
iber) ^fflWcE r ^iDft 7 t-T A*ifi|B§§ (EDFA; 
Erbium-Doped Fiber Amplifier) ^WMi^ftTt^S. 

[0 0 0 7] ^WTt^y-f/N'tgleggtt, fij»^*<. 
St*ti» (NF ; Noise Factor) t^WS b 

t*»a*Lt». tot, ^7 7-r/s*ii*sgg©^^tc^L 

50 SICISLT«, Cl<73#tt(C^LTp n pKlfffi • 
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[0 0 0 8] W«**Utt^S«flCtitt*3t7r 
-mi@i|i(Cffl^^n-i>^:T<7)fefi(7)fI-§-7 l c(0-?-n j £ : n$r 

^fg&SftTl^fc (MAtf. S.M. Hwang, etal., IEEE 
Photon. Technol. Lett., vol.5, no. 10, pp. 1190-119 
3, 1993) . 
[0 0 0 9] 

-5. Sol, |?<ffi:>X^A#A&^T*0iSSfffiT-£>9. 

[0010] #»9itt, ±iaran.ss«iH-r**K:fc£ 

[0011] 

[HUBS/!?ifcT*fc»<0^R] *«W«cfiR«3t7r-f A* 

#3tS*»«— 8^«T*ft7riV'<Jf}««©1$tt*W 30 
«rr*ft7T</ttf««W*fc&ffiT?aoT. (1) 3t7 

t> i jfis*^ i oawfi^jtwiS[ftteBi^-&*n, -?-n 
•eni£ft/>Wct<5. ®i<7)ia:«tofc^j:<jao2^jiT 

(2) A*ti 

tr*. 

[0 0 12] ilWXr'vyit $SS2<DgcO{f^7fc<£> 

U Sg2©jBc<Z)fI^£>fl<Z):!>fr< <ht> 1 -oommt 
05Jttt**M»5IffiT*oTfcJ:^U. 82 

XCDpW'JttK ifc l-OOff-^Ttrai^S^JgnTftgT^ 

■3Tt)«t^. 

[0 0 13] ♦jeW^WSJtt^r-f/^itWffifffliiKIB 
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rOaffiSffffiSSB-CfcoT. (1) 3t7 r-f A'tgtaggT 
ig1iBTfig7*«£ffifi9SBHIc-&sn, '>&< i t> 1 1 

*, »l©»«k0t)*«i:<a.-P2tt±T***2©»© 

ffl^3t*m*-r*«^itiBWt. (2) «#3t»aa*s 

tb*StlfeSS2<Z>ft©ffl^JtS«ft*fifl2LT. 3tt7r 
-f/HfiSS^lSjttTttJATaJt^aSi. (3) 7t7r 

(7)1*1, »l©ft©«^*©tefittHfc**n*ffl^fc-€- 

[0014] m mtmmt. % 1 ©»©«^3t©±3e 

fi»c«WSibv^Jtfio»2 0»©fil^it*ttl^-r*c<t 

iLTt=tUL, ^2©&©{I^©f*J<7V>&< «tt> 

«fcI/»L. I2©ic©lf^Wrt©'>)S<i:fcl^KD(| 
^ft©ttfi«r*KTS«ft«M*R£«ATt>J:^. 
[0 0 15] 

n-enttfi^a*:** 1 ©»©«**#**»«— 

[0 0 16] Il©Xf7yi:^T, %7 7^ A'tgfli 

ST?j««">riiift«fi«Hi;:£**u <tt> 1 

lift -5, m©K<fc0*>'>fc<.l.t3 2JJU:T?&*SB2© 
tc. *©l#ttSff<fiLJ:3£T*ifcR«:*rr*JB2©Sc 

^2cogc«(f^cDi*]. si i v>m<Dm ^yt<DftL%teW\Z 
A*snjfc8 2©ft©ffl^tt©*n*n©iSSK*t 

[0 0 17] aSlOXT-yTW. *2©Sc©(f*»Jt©£ 
[0 0 18] Sl0^f'^*«, »2 0ftOl§Jt©rt 

©'>&< 1 t> i -prom^jtoitft^iiSEBlttT***^ 

[0 0 19] SfSlO^T-y^A*. ^2©icroff^^(7)r*J 
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[0 0 2 0] *f8W^fiR«itt7r-f ^tl««S8Wffi«B 

[0021] ft^jtaawtt, *7r<A«*s»T««pi 

1 co^J;D fc^&< J.:?2JW±T&5S2 £)SSctf>{f^5t 
2(O»<0«##*&**Bffcl,T, Jt7r-fA»«»^ 

»2co3&com^^»[fi#a^$nTA**n^o sis 

:7;r<A'J«fflg<B«Ht£t#*o JW±icJ:0, ^^fi-*S 
[0 0 2 2] ft -^JtiSffl*^ m 1 <0»<Z>fI^JteCD±Jtfi 

[0 0 2 3] {f^aSffi^ »2©i»^m-^5t<z?rt^ 

[0 0 2 4] »2©*<om*Jt^rt^* 
[0 0 2 5] 



(4) ' **BB¥9 - 5 2 12 

6 

[0 0 2 6] SE^t, )t7r-f/tit«»JCA*"r*«# 

ytcD^ytmtfm L^m o . ft ^T^&fi^gsc^ 2 jy^-e 

0i&g<^(f^7t (A lfct>LA 1 0) S*7r-f/ti9« 
2) S-t(DJt7r-f A«*BJCA*Lfe«-&t-C, mm 

tcfc^^2^c7)m-^7 , c^^7tffii^bttn«, 
10 r^T**aco2^s (a ife«tc/A 2) -e-n-en icarr* 

—SB (flu, 2r£gJ^±) <7)m^£§¥ffi#fiT ; £>£7 I £ 

£«8 ^ ffl Jt 7 7 -f A' co £ Wffi-T o 
[0 0 2 7] j£TF. *^BItB«:#BHLT*5fi^©m6fi?y 

[0028] <» i <&issfiw 5t-r\ 'as i v>mmm\z-> 
20 t>T»i9rr*. ant ssi <n$kmm\z$hz>jt*7 t <i ^ 

[0 0 2 9] **jeSW»C«*3t7T<A*f«S»ffilfi« 
te, (1) S&Sni©KfiA ia^LAn©^n^n 

<Dm^ft*\ti^%nm<n\tn%mi i&^l int. 

(2) m^ytMi i i n^staA^nttft-fn 

(3) ?t 77 4 o>&^3tv r-r A*e2iK6 1 

30 {c2lffiSnfc«-^JtSA*LT, ^-^ff^Tt^X^^h 
^A£»#f-r£7tX^ h7A7^-7-f1f 5 0 i, £:« 

[0 0 3 0] ffflB»*-C*S3tt7r-f /tJ«(Sg4 0 tt, 

(1) 3t77< 0*e2l*nTgfcm#3tS: 

•&Z>ft7'f VV — 9 4 lt> (2) 3t7-fV U-^4 1 

Ifii|affl3tt7 7-1'A # 4 2 <h, (3) *i|Bffl3t7r-f A'4 2 
lc«*&rSil!ifiJt€:5E^"r*iafi3t»4 3 (4) Kb 
40 gJtiS4 3^^,tH^^nfcS!)S7¥:^^'Bffl7t> r r-f /\*4 
2tCA^$i±^>7 , c^^S§4 4i, (5) ««ffl)t7 7'f 

2T^ii^nm^^n^{f^7 , 6^A*bT, -torn 

*|Sj(3aJS$ii-S3t7-f y U-^4 5t, ^6^*. it 

[0031] mm<n£&&-mm^m\zx:y r-f /mm 

50 g§4 0(CA*TS(S#3tO»fi«)»C«t0 fc^ctV^nfi© 
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l^h5KfiT*5. fib, MA l^^LAnti, m 

5 5 wm^©3te7 7<Ai8<@Sg4 OSr»ffi-rS«^tr 

\t. SfcfiA UcC^UA nli, 0J*_tfl 5 4 O^t^L 1 5 10 

6 5 nm<7)iffiei(C^^n^)o 

[0 0 3 2] Jt^iSffi 3 0 tt, ft#*iH H&^lln 
*n^tli^ffi*SntiSfiA 1 A n^W-^JtS: 

[0 0 3 3] Jt^7-f A # *fi*@g4 Ott, 7t^ffi^3 0rt> 

[0 0 3 4] *7<Vl/-^4 1 tt, 7t^?Sg§3 0^b 
ttl*sn7t7r-f A*fg2IBS6 0 ^fel^nt^fdf^ 

U !«Sffl3t7T-1'A*4 2^63tt7r-f AeiilK6 O'x 

[0 0 3 5] ««ffl3t7r-f A4 3fc7-fyU-* 
4 l*^BJ»Lfc(S^}t*A*U, X, iaie>t*4 3*> 
StH*$tlfcS!ifi3t&^JS^8g4 4 LTA^-T 30 

JWBfflJfc7 7-f A4 2tt, BiE3t*<A*>LT^SKI 

[0 0 3 6] iafi3tiH4 3tt, i^'PSffl^^ 7 f A 4 2 (c 
3tJS-&884 4tt, ^-CDagTt^^^fflTt^ 7-f A4 2 iZ 

a* a*, #«ffljt:7 7<A4 2*>&a>fi#jte# 
7-f y u-^ 4 5 izfawxmi&zit&o 

[0 0 3 7] y lx — ^4 5tt, *f«ffl5t7 7"1'A 

4 2^^m^anx7 1 dss^§ff4 4«fiiflLfcm^s?t 40 

77<A{5j||g§6 1 \zgiih-rz>o L/^U Jfc7 7"fAM5 
[0 0 3 8] ffi. H2TH 3tttt-&83 4 4*ifi|@fflJt7 

7^/\*4 2of*a{cKw^>^t^j: 0, iaejt*^*f5] 

EkS (4i«fflJt7 7-fA4 2(0«#3ttH*«*^afi3tt 

zajj) \z£om^mytyT^^4 2 izmsznzmz 

(««ffl3t7 7-f A'4 2CO{f^7t 
-TA4 2<0«#JtA*ffl*3J:tff3#3tta*iBl«>3R^6 50 
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[0 0 3 9] t£A^ h^AT^^-T-tf 5 0*4, «±(7> 

[0 0 4 0] a±0D«t5^«fi)cSft4*H*W^3t7r 

[0 0 4 1] If 1 l&^U 1 n^Sffl^SnfcSfc 
fiAl^LAnO(i^3tH Jte-&«£88 3 0 T'ififi*! 

>ft:$nT, jt^r-f n«fig4 o icA^sn*. 

[0 0 4 2] t£7 7"f AiB<@g4 0 £:fc^T, SftEJtiE 
4 3^6tH*a*lfciaS>E^3 , tlie'&S4 4S«SLTJ« 
1@ffl3t7 7-f a-4 2tc«*&an, -^BSfiTttcfcO, *t 

— 3M 1 £ffli® LTif ifgfflT^y-f A*4 2 iCA^f^ 

[0 0 4 3] «(Bffl3t7r<A4 2 T'^£ tl*:{f ^ 
3t7-fyi<-^4 1 «r2jaLT3fc7 7-f A # fi2£&6 

o tcenjirr* d <t tt&^» 9t7<i y u-^ 4 5 fcn^-? 

y U-^4 5£r»iBLT. ^7 7<AG2ig&6 1 icejft 

t§o ^ix, 7t7r-<A'iiipig§4 0 ir^&fi— 

[0044] &\z* m \<o^mm\z%^>9ty r ^ nmm 
[0045] rn^Jtaa 1 1 uint it, ^^o^ 

gA 1 A nCOff^Tt^tB^-r^m^TtK^ffl^^ 

n-So ^nbii§» 1 lttt^L 1 n*^a**nfc(t 
g§4 o-c*afi-iSii«anfc«iwm*snfcm#3t 

W43t7 7-1'A*i««4 OiCA^^n^if^Tt^^TtS 
^coMBttr^tt^Tt^r-f A*Jfi|S8i4 0 (CA^a 

m <mm \z *s w- ^> n^nco » s o o t js^fg 

[0 0 4 6] *tz, SKD^ISW^asjt^r-fAliW 
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[0 0 4 7] fa, &M\Z$RW-rz>i'5 3. U-/3 >St# 
iS^ffl>t^r-f A«A 1 *S1IDEDFT*0, Eritt 

mmtffio. iwt%, a 1 mmmm^i w t s 

til. 4 8 Mm, H!iS3t3tStt5 0mWTJ55. 
[0 0 4 8] B3I1 3»-JSitS*3«ttf 8ift-«i8ffl 10 

aL/-'>3>^^*t^77T$)^o 03 (a) t0 
3 (b) ^nfn<o«itt, Jt7r-fA*t«SJc:A*'r 

[0 0 4 9] 0 3 (a) W\ (I-^JtCO^Jta^- 0. 9 
7 ci B mt^§ *£<Wfc 77^f Aif «B<&«6#JiR<B 
5a^-y3 >ISm^^r o 3Kfi— JgJfiB (04*<2D 
EH) <B*S\ 3 iSfi (1 5 4 0/ 1 5 4 7/1 5 5 4 n 

m) *n?ncom^yt<Dytmzm—T~&Q* -5. 74 

dBmtW. X, 8r^fi— ffi^fH (EI^OOEP) <0« 20 
£\ 8 ftfi (1540/1 542/1544/1 546 
/1548/1550/1552/1554nm) 
-en<©ff #Jt<©3tfitt|p|— T* 0 , - 1 0 d BmT$ 

[0 0 5 0] 03 (b) tt, «^Jt©^3tfi^- 2 0. 
am CD*§3\ 3 z£fi (1 540/1547/1 554 

nm) ^n-en^m^jtojtfittra— t*o, -25. 

7 4dBmT&£. 8 &fi—*£tf ifs (B + OOEP) 30 

8 iSI (1540/1 542/1544/1 546 
/1548/1550/1552/1554nm) ^tl 
-en©ff^Jt<D3tStt|pI— T«0, -3 0dBmT* 

[0 0 5 1 ] £<DH*>&. /^SSoai^fflBc 
IP'S, *IBO*«ft-e««ll*lr*7 7'-f AJf«» 

[0 0 5 2] X, «#3ttO»ftrt<fitr>g. ytyyfrtm 

7-f A«|«»0*|*t8fttt*:S^ (MAfcf. C.R. Gile 
s, etal., J. Lightwave Technol. , vol.9, no. 2, pp.1 
47-154, 1991 , SRW±, M. Yamada, etal., Electron. 
Lett., vol.30, no. 21, pp. 1762-1764 1994 ) . ffi? 50 
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[0053] (» 2 a>*«M) mz+ m 2 <D-mmm\z~D 
[0054] -^mm\zi%&ft7T^rtmmm¥mmw 

tt. mjiiKco^ 1 coHSS^JtliJPAT, n{@CD(1^30§( 1 1 

StCMfir*ftaBi»*&<!:LT, n(@(7D7t^*B2 1 
2 n &Mtl2>o 

[0 0 5 5] *«RcD*iS[ft--«Jfi«Wftc5tt7r-f AUB 
g§4 0 (CA*TSm^OiftfiO»cfcO fc^ct^^nffil© 
ff^tftSl 1 1 nH BifMi^^ 1 co||JSCTi:l^« 

\z. ^n^ns^tcs&ssfcfiA 1 a nod^t 
^ffi^-r^o 7t««g2 1 2 nw\ m^asi 1 

fj;ULl nfnfni^fflASnfcftfiA 1 S^LA n 
pJ^TftS, 3t«SS2 1&^L2 ni:LT7t 

Tta^^MT^o X, ft«g&2 1&^L2 n iLTft 
[0 0 5 6] 7t<£ri£g§3 (Hi, t£M«B2 l«c^L2 n 

ott, mia!<7)^i^^ssgijch(wi«t', fty 7-r A*t*g§§ 

[0 0 5 7] W±CO < t^lCtg^$n^*^SS0iJ<7)7t> r 7 

[0 0 5 8] ft^JtiB 1 n*>£ffi*$ft)fci£ 
gA 1 &^LA n^fs-^Jttt, 7t^SB2 1 2 n 

ia«»4otcA*snfc«#3t»i, ittn£<z>fg 1 oiiM 
ffl7t7 7</^4 2TW3tcoiS*ft?¥tt©*ijf#-e*iS[S— 

»«B3n, JtlS^S4 4tJt7-f y U-^4 S^jgiii 
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[oo5 9] x.\z* m2<Dnmm\z9kz>yt7 7'frt®iiR 

[0 0 6 0] ff*f#ifil lft^L 1 nilT, ^PSO^ 

n& 0 dne>m^3tiia i i ?atiL i n^em^snfcff 

AWBB4 0tCA*S*l-5. 3fc7 7 f^WSS 4 0 Tit 
5 OTJBWSft, MA 1 A n^*l-?tlO 

[0 0 6 1] t>U 3£«gg2 lft^L2n* 

ig*ig§4 0lCA^2n£ff-*f:7fcO£#;§£, *$SO^& 

»R*f#*. 

[0062] &\z* w,2 <D^mm\zmz>%:7 7 nmim 

[0 0 6 3] ft, £JlKtcKWrSiB!JStwffit^fc5t7T'1' 

nm^<Dm^m%y t ^ 1 ftsiDEDFT* 

0, E r j&1)Umg. ttfiO. lwt%, A 1 ^i0iBffiH*5 30 

1. 4 7/im, Blfi3t5tatt5 OmWTfeS. 

[0 0 6 4] gjSti, 2«— gJ9&fccfctf3&— JgJg« 

SRcoai^ttssTS-ry^^-efts. is (a) 

£,0 5 (b) tt«&»»&»-r.. H5 (a) ii5 

(b) *nw©«i«. *7 7-r AJt«»tcA*r* 

2mT'W, 40 
[0 0 6 5] 2ffifi-ffiJf<BO«£,' 2iMnt'n^) 

3»fi*n^n<Dm^jt<7>3tfittiBi-T*So 

[0 0 6 6] OWtt. 7t77^A»t2SI (1 5 
4 3/ 1 5 5 8 nm) Off "IS LfcS'&aK 
•Bltt, 3t7r-f AiB«ST3ift* (1543/155 
2/ 1 5 5 8 nm) Off ^Jt Lfc«-&0, & 
Si 5 4 3 nmOil#Jt^«»t*tS»»<DiB!J3eia*T 

[0 0 6 7] Affltt, 3t7r< A»«»"e2»* (15 50 
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43/1558nm) Off ^ Ljfc«-&0, 

ABItt, 5t7r-f A**8"l@gT3?fiS ( 1 5 4 3/ 1 5 5 
2/ 1 5 5 8 nm) Off &*B<@ Lfc«-&£>, j& 

■fi 1 5 5 8 nm<Z)©^Jt«)Wf§t*t»*i*^a!J3tl|g*T 

[0 0 6 8] COgl^b* 5t7 7^A'igiHKOfiJf#i3« 
*JfRtt. Jt7r-f AJttSBlrA*r*«#3t^2 jft* 
3 KfiT*S36^c«ffil?ii:-r, 3te:7 r-f AJ«« 
§§(3 A*r*ff #3fctO£#fil;:fln£1-* C t**B»6tl 

[0 0 6 9] 06H 3ifc-igig<|g* 2 ifc-Jgif 1@*5J: 

fij»oaa5e»s*s:^-ry7 7"c**. H6 (a) ta6 
(b) ^n?n^t»«itt, ytvy-t AJtinagicx^-rs 

6 mT*£>£>, 

[0070] 2S^-s««<b*i^ 2tft*-tn-e r n© 
£\ 3fSfi-^n^nofi^7 , cc7)^M^[wi--T*fe^)o 

[0 0 7 1 ] 0 6 (a) Ttt. OEnti, ft 7 7 -f A MB 
§5T* 3 (1548/1552/1558nm) Off 
^Tt^-Sm^bfc^^co, ♦BUS, ft 7 7 -f A*«iB3g 
-?2i£fi ( 1 5 5 2/ 1 5 5 8 nm) Off ^Jt*— Jg*t 
rpSLfcil^O, xEpte, ft:7r^/ttf«»Tifcftl 5 5 
8 nmO 1 ^Off ^ft£*i4@Lfcii'&0, ftfi 15 5 8 

[0 0 7 2] M6 (b) Tfct, OEPte* ft 7 7 Aif tH 
ST 3 (1533/1543/1552nm) Off 
#Jtt*-JS«*BLfc«^0, ♦EPtt, ft:?7"f AWHB 
T2Sfi (1 5 3 3/1 5 4 3 nm) Off^fft£— 
iHLfc»'&0, XHltt, ft^WAJtSgg-Cffiftl 5 3 
3 nmO 1 "POff -^3t**f WLjfcS'&O, 15 3 3 

nmOff^TtO^JtiOM'J^SSmTafe^o 

[0 0 7 3] dOH^b, Jtt^r-fAifWSOfiJfStt, 
ft 7 T-f A^ifSgi^A^f £ff *tft** 2 KfiT&S^ 3 

<Tfc, 1 ifcgom^ftO*£i«eLfctt^OfiJt# <t, 
2ttt^L3iS*(0a#**-iS«iHUfc«-&O*iJ»tt, 

[0 0 7 4] 0 6*5±^0 7 tC^LfcifW5£*8S*> 

Sfl**«fc3Kl, ft7 7^A^BBlCA^-f £<f-^ft 

aftssfi©iftT*ott), R-o±7tfiT*n 

[0 0 7 5] Sot *BO*ftfi-ffiJ««PSJCffl^& 
nsffl#3t^]^«l 0&S (Alft^LAlO) 
ott), ^nb 1 0i£gOff ^ftO[*lO0iJ;Ui 2^S 
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(a i tk 2) (Dm^ftz&tiTzm^KmzmMi'* 
ztiz 2\^m<D^^tvr^ nm^mzxiiz^x. % 

[ 0 0 7 6] Z.<D^, ^(DZm^ft'ttl^tliDytm&X: 
fffTftH *BO*iftft-«it««Hc*5W* l 0i£fi 

[0077] (m3<nmmm) »3<o*«wn^ 

[0 0 7 8] **M«lC«*3t77-f Ait«8WfiB«B 

1 7 n£ffit;L£o 

[0 0 7 9] *lRO*a«-Slt*INp^Jtt7r-<A*t*l 20 

#s 7 1 &^ l, 7 n t LT####i*#«£a«<©« 

fipJ^Wfcl' — tf-5tiBL S - 2 0 1 ASffl^SCt 
#T€T. ^©iS'n, 1 4 7 0 nm&^L 1 5 7 0 nm<D 

[0 0 8 0] 3t«S8i2 1«C^U2 n«> BH52li(7>»2 0 30 

[0 0 8 1 ] 3t&ft«3 Ott, fiifiiti^^2(7)^SS^Jch|W| 

AiS"l@g4 0 icA^f^o 
[0 0 8 2] %7.^9 h^AT^^-flf 5 Ott, nH)&<D 

m2<Dmmmtm\mz, %yy^nm^4 oa^sm* 40 

[0 0 8 3] £A±©J:5«C«lfiESns**llfi«<0)tt7r 

[0 0 8 4] m^9tm7 lft^L7 nTiSgilK^nT 
a^StXfcSfiA l&^LA nCOffi^Jtttt, S5a?c0^2 
<D*HfiW<0»dtra«^, Jfc*ft»2 lfc^L2 nTiB 

t, ^tyy^/^mm^4o\zxt)^n^o 
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ft 7 7 A 4 2TRTr^Oififite#tt<0*iJf§T*afi— ffi 
WHS ft, 3t*S£B4 4tJt7>fyU-^4 5£>1$L 
T, ifc:77"f AB2S&6 1 C£iL, ftX^h^AZ 

[0 0 8 5 ] ^tC, »3<D^lffi0«iCfl*5ft:7 7^AWS 

[0086] mnytu 7 1 i?n fn^nn hps 

f&fiA 1 te^L, A nOff^7t£iltRLTm*?-t£«> £*1 
<E>{H^ftiH7 1 7 n4^ttl*Snt(i§JtH ft 

«fig2 l3it>L2 nTigatC«SESn, ft£i£g§ 3 0 

OKArtSft*. 3t77^^i9fiB4 0Ti|«*ftfc» 

(Cffi^Sn/cff-^ft^ ftX^ h7A7t7< If 5 0 

[0 0 8 7] t> L, CCT, l¥fiIP#lC&tt£ft:7 7-f A 
«^ft<B»fitc^— &L&<T*k ftM^2§2 

yy^/^mm^4o\zxt}^n^mn^:<D±^tm^. * 
A**nsm^3to^*^«u<i8^t*ntf, she© 

i(SSt#S*lfci&ftA 1 A n^tl^ncOff^TtOflJ 

HIRcD*i([ft-iSJ|l'HB*tc*3frt4-to 

M 1 Ofc^L 1 nT&^a^SnSfS^JtOKfiSr^SSU 

3t7r>fAJa*aS4 OfccktfJSIiffift^r'f A4 2 CO^ 

[0 0 8 8] PJAti, Un^^&^ffiTft^-f Aig 
tfig§4 0 <D%f'\±&wm-f SBSW^&g 

— jgj«ffi(cffli^nsm^)t<7)&fi<oiieHttA i^sa 
5t7 7<^^*aS4 o <dww%\z 2 -Dcom^ytm 1 1 <t 

7 2£«:ffl*-r4. «#3tiR7 1 ^6HJ**n*«#Jt 

flDiftft*A 1 — ^» «#JtW7 2^6a* 

^n^ff-^Tt^KSA^:, 

A 1<A^ A 2 ( 1 ) 

^(EHTpjffi^is^rso fa^jtas7 1 17 2^n^n 
C!)»a^a8frt6nfc3t«ai»2 1^22 ^§i@iut, 

MA l^ft-^JtOJtatiKfiA 2©«t*03ttt«) 

in*. mn<n£fo&-f£m^iz&w%mnft<D±ytm 
{zmL<m-£Tz>o z.n^2-D<Dm^mt, 
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oT«fi#ait$n, Tt^r-r /^mms4 o icA^sn 

m*snfc«^*t4, TtX^^ hy^Ti-y-l -if 5 OT 

Msn, i«A i £ A^n^ncom^Ttco^jtich^i 1 
»«a*< (i) *<ojeifflTni«H3e*nn«, Kjesn 

[0 0 8 9] X, #JxJi\ £JlTOct5^ffiT3t7r-f 

i&^L7 3Sffl.«n. m^aa7 i^etn^sn* 

A 1 KKJtU «#3tiR7 2^6ttI*S 
A 1 < A < A 2 (2) 

IT, SfcfiAl, A 2*5cfc«A-?-n-en(7)ff^5t©^:7t 
«c*U<»S-r*. £ftS3^<0«#3fcWU Jt^«8 3 

o-c&fi^fiffcsn* 7t^7-<A'ii*gg§4 0 dA^n 

»«T$n, KgAl, A 2*5«fcOCA-£ft-€ J n<Z>fa ^7t<0 

^m^jtoKfiA^ (2) sc<7>iKHTPi^i85es nn 
tt3t*n&*ti-en^jft*A«ci*LT. jt^r-r^ 

[0 0 9 0] S3^Jfi^J^«SJt7T<^N*lie 
§§l¥ffiiSB^c±:^ffi^J:^v^3. l/-yg >W;iTn> 

[0 0 9 1] Ul*JCBl*-rs>'5 3.U->'3 >»» 

mffimyt7 7"f m«a 1 ^asjoED ft-*o, Ersjo 
jaattwo. iwti a 1 asttjaasttiBi w t s 

tel. 4 8miti, IfiMlliSOmWTS^c 
[0 0 9 2] 08te, 2»Hgif«fe«fctf 3ifc— JgWi 

(a) te*iJt#£, El 8 (b) ttSfcSraR**?-. 0 8 
(a) £08 (b) -tn-eno8W*tt, 3t7r-TA*i«*s 

[0 0 9 3] 2 (04>C9AEP, DEP. • 

£ 3ffig-:FStf*i (H*<Boa» t^ftoa^t), 
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5. 5dBmT*5. 2 fi^^co*! £\ 2 i&g^- 
n^noQff ^-Tt^itattlSI— T»0, -18. 5dBm 

3«fi-igJ«B<D»^, 3ftSfnfno(f^ 

JtOJtSttlnl— -2 0. 3dBmT»5. 
[0 0 9 4] OEPtt. 3 &g (1543/1 552/1 
5 5 8 nm) (Dim £#"7 7" < A*fS<@8gT— JgiS<H L 

[0 0 9 5] AEP> DEP, #EPti, un5 3 8fi©rt^ 

10 6atfnfc2afiofi^«*j»<t»**s»<7)>5iU 

— >3 >SS1T*§, AEPtt, 2}feS ( 1 5 4 3/ 1 5 
5 8nm) (7)fi#Jt*Jt7 r-f A»«»T-«««bfc 
P$<7X DEPtt, 2i£g (1 543/1 552nm) COff 
#**Jt7r-f «»«UfcB#cD, •BJtt. 

2$tS (1552/1558nm) Ofl^Tt^Tt 77< 

[0096] ^<£>0^b, jt7 7<A-jatas^f'Jt#t*8 

2ffifiT*S^3»fiT*S*^Cttfe^U)&:l^c:i:^K 

[0 0 9 7] 09«, 3ffl£— »»B{c:*5frt§«^3ttCOiK 

T^77T*I». 09 (a) ttWtfS:, 0 9 (b) te$f£ 
^Sc^-To 0 9 (a) £0 9 (b) -tn^n^ttHi 
3t7T<^^"l@St-A*-rsffi^coS[fiT»So 
[0 0 9 8] 0*<^Offl£«fiPtt*K:, 3&fi— jgif« 

30 ^ff^-TtOTtati- 2 0. 3 dBm-C*£o OEPte* 3 
(1543/1552/1558 nm) — ffi*fi|B<0 
m&<D, •EPtt, 3.»fi (1548/1552/155 
5 nm) — gifi|@<Dtt'&<7X i a >^*Tfe 

[0 0 9 9] CO 0**5, it7T^A*i|HSgg^fiJf#i:S« 
#fg&te\ 3t7T-<AJt«BtlA*-r*«-9Jt^Jta 

*<ra--c«ntf, 3t7 r</tJt«««cA»-r*«#3t** 

3ffifiT*SP§tC^-Oiftfi<7)a-K(Ctt&"f, ft!l(£>2z£g 

40 1 5 5 2 nm) <7>m#3tt<0*iJ»£*|*Ji»cttl»ra- 

[0100] Hiott 2ift-ffiit«*5J;«5ifi— 

giO'>azLU-f>3 >f5Mi^77Tfe§o 010 
(a) te*iJt#£, 010 (b) ttJUgfiifta^-r. 01 

0 (a) £010 (b) *-n-en<B#«itt, yt-?T^n 
ifiiiasnA*-r*«^3t^iSfiT*-s. 

[0 10 1] 2iSfi-lgit«£5ttfi-iSil«^mo 

^^rt>, 7t7T-r/\*ii*s§§^A^$n'5>ff^7 , ecD^7 1 £a 
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ffiS^n-enoffi^3toitfi«|p|--T*o, -i6. 3 

<0«##<0#fifiP]—"C£>9, -2 0. 3clBmT$ 

[0102] §6«0>OHHi. 5 »fi (1 5 4 3/ 1 5 4 
8/1 552/1 5 55/1 558nm) <£>{f mfc £3£ 

[0 10 3 ] W*l£>OEPW;. ifc-fil 5 4 3 n m<Z>ffl^t 
SiJlBS&g^^^^Sl 5 4 3 nm£P£< {t!i<7>4$ 10 

[0104] ccDi^e, 5t^r-f /^JtiiaSff^wtftss 

X, 2S£fi<7)rt<Z) 1 ffifi*<*iiTfl!ia> 1 r£ft£ 

-JgiSSRFO^^iftftOfiJfttateJtft^) ~> S 3. 1/- ~> 20 
[0105] HUH 3ift-«l««*3ck^5ift-ffiit 

(a) tt¥U»£, 011 (b) H«l*»»**-r. Ell 
1 (a) tHl 1 (b) *nfft®ilHiH» Jt7 7-fA 

[0 10 6] 3jftfi-«fll«i5iftfi-ffili«^im<?!) 

li-13. 3dBmt*5. 3 i£fi— ffiif "l@<Z>t§'&. 3 30 

Kfi-s-n^ncofs^itojtattisi— t*o, - is. 1 

CD«^t<B3fcfitera— T*0, -2 0. 3dBmT* 

[0107] HSlOOEPtt, 5 iftS (1 5 4 3/ 1 5 4 
8/1 552/1 555/1558nm) <0{I^3t *>t 

[0 10 8] SSSicoOEPtt* Kg 1 5 4 3 nmch 1 5 5 
8nm02ffl#3tt, ffilE 5 ttfi<Z>*<Bftfi 1 5 4 3 n 40 
mtl 5 5 8 nm^rf^<fl!l^3ffigC0ff-^7 , c^bil^^ 
nfcl^OW^JtfcS, Jt^y^/^ifWST 3 
« Ltzm<DW& i3»»»RG> y^alz-va >»*T* 

[0 10 9] C^H^b, Jt7 7</1if«»©Wfit*l 

^(pJ-T^nH 3iST^oTt)5SlTS)oTt)t 
3taS"T, X, 3&fi<3Drt©2ftS^*iiTft!i^ 1 »fi£ 
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[0 110] Ul±, H7&^LB1 1 l:*Lft>Sal/ 
— >3 >^m^b»^-5>ct^tC> Tt^y-T A'iQifaggtCA 

nsfi^WABl 0M (A l&l^LA 10) 

2 7itiLA i o ^comt^k^u Mt', 2m^yt<n 

[0112] #589jh ±te^SE^jfrPM^^n^>fecoT 
7 7-f/tJt«»«cA*-r*«#Jtt«)Sftfi<oftH 2** 

[0 1 1 3] X. tt««Btt. ^T^m^JtlCifLTK 

[0 114] X, WffiP#tC7t^T< AJfSSKArtS-a: 
[0 115] X, ffffiRftCffll^nsm^Jt^TOifi 

[0 116] 

[0 117] Wffi^^ff^TtCOTtS^Pr^ISSbTTt^ 

tcA*-r*«^>t<o}t«^«wi-r*»^^t>, *n*n 
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[0 118] IfffiBf©li^7t(7)ffiS2:"I^aS:^LT3t7 

[0 1 1 9] X. #5SW<0#:7 7^/1Jitt»fffili8Bl;: 
[0 12 0] »«l$©«^3te0)tt««MSE-r*Jtfi«S 

ttSSffit5it*«tf5. 20 
[0 12 1] Wtf«r©«^>l£<Z)S[ft*«M-r*ift*SeH 

7 7-f AJt«8*s.fct«MBJSJfc:7 7-f /X©4*tt£fftt*- 

[01] ^ionsspij{c#^^7r'r/N*Jtitii§i¥ffig^ 
0«J*BT*4. 30 
[0 2] 3t7r-f AJ««»©«fiEH-r*«. 
[H3] 3iS-Stf*S*5J:^8iS-Si@1i J E-n^*tllCfc 

[Ell] 



11 
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[0 4] SS2©*ttWK»S)t7 7-Y/tJ««Bffffigfi 

[B5] 2jfi-ffij«Mi*j«toc3iS-iei«ffl-t-n-€ r ni=*j 
cm 6] 3«-iSJa«. 2fS-*Sii*i*3J;z>*i?Siiit© j E- 

[0 7] SS3 0*J6«Hc«R*3t7 7"fAHMH»ffMlBKffl 
[0 8] 2jK-Jg««4s«ty3«E-Jfilt«-tn-€ f n{;J3 

[0 9] sift-JgiBttic^ttsw^wiftfifcwrafiJ 

•5. 

[010] 2&-Jgli<tiS^J;t>"5?gL-J£tii|6^tl^ : n(C 

[0in 3tt-«Ji«*s«ttJf5jfi-jsi««-tn-€ : njc 

[012] tt+»iei3l««©«J*iaT**. 

[flF*©i»9J] 

11, 12, 1 n-m^Jtm. 2 1, 2 2, ••• 

2n-3tagS, 3 0-^«. 4 0-jt7 7-f 

A'ti^gi, 4 l-ftyfv u— ^, 4 2-JfHffl7t:7 7- 

-fA\ 4 3-JaSftS. 4 4-3tlB^8g. 4 5"7t7-r 
VU~^. 5 0- ••7tX^7 h^AT^-^'T-tf. 6 0, 6 
1 •••ftv'T-f A'CiMSS. 7 1, 7 2, 7n-it 
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